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Introduction 
 
Bacteria of the genus Brucella are one of the major zoonatic pathogens 
responsible for considerable human morbidity in areas where it is endemic in 
livestock (Diaz-aparicio et al., 1994). 
 Humans are infected with brucellosis either by direct contact with infected 
animals and their secretions or by consumption of contaminated milk or dairy 
products (Diaz-aparicio et al., 1994).A person is in direct contact with animals or 
their raw products like milk, meat or skin.  For these persons the usual route of 
infection is through skin abrasions, although in some cases infection can be acquired 
through inhalation of infected aerosol. In some countries the extensive animal 
movements and intensification of animal breeding has contributed to an increase in 
incidences of human brucellosis (Nicoletti, 1989). 
           Brucella has a low infectious dose (10 organisms of Brucella melitensis are 
sufficient to cause infection in man), making infection a genuine risk to those 
occupationally exposed such as farmers, veterinarians and butchers and to the public 
through the consumption of contaminated unprocessed animal products which 
usually contain high numbers of Brucella and consequently pose significant infection 
risk factors if not properly handled and disposed of.   
The clinical symptoms include fever, headache, weakness and joint pain. B. 
abortus ,B. melitensis and ,B. suis are highly pathogenic for humans (Almuneef et 
al.,2004).  
  The main symptoms of brucellosis in people the recurrent bout of high 
temperature, hence its previous name undulant fever and its tendency to be 
misdiagnosed as drug resistant malaria in tropical countries (WHO 2006). 
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These symptoms are shared with a number of other diseases. For example, in 
Sudan where malaria is present, the recurrent fevers which are characteristic of 
brucellosis are tending to be overlooked. 
Species-specific diagnosis poses difficulties –and it is important since the 
severity of the disease in human depends on the causal agent. Surveillance from the 
medical side is poor with large incidence of under reporting.(WHO2006). 
In parts of the world where B. miletensis is endemic in sheep and goats like 
Mediterranean countries, Middle East , South West Asia and parts of Latin America , 
human brucellosis is often observed .Inareas where Brucella species are often 
present in animals the pasteurization of raw milk is practised and dairy products are 
made from pasteurized milk , the incidence of human brucellosis is not that high, and 
direct contact with infected animals or their products is considered the most common 
way of infection for humans. In these areas, brucellosis is regarded as an 
occupational disease for persons who, due to their professions, are in contact with 
animals and handle their raw products and there include farmers, butchers, 
slaughterhouse workers, milk factory workers, veterinarians, etc. 
In contrast, in areas where the measures of consumer protection are not 
routinely practised, the market for dairy products is neither well organized nor 
inspected and the consumption of unpasteurized raw milk or dairy products made 
from unpasteurized milk is a common nutritional habit, brucellosis is a community 
health problem with high incidence and the main route of infection through the 
digestive system (Refai,2002). 
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Brucellosis in Sudan was first reported from human cases as early as 
1904(Hasseb,1950) .The organism was also isolates from camels in Butana area 
(Agab et al.,1995).B. abortus was first isolated from a dairy farm in Khartoum 
(Bennett,1943), while Br. melitensis was isolated from goat’s milk among british 
residents in the El Gezira area (Dafalla and Khan,1958, Many investigators reported 
the disease from different parts of Sudan (Dafalla,1962,Shigidi andRazig,1971,
Ibrahim,1974,Musa and Mitchell,1985).  
Objective of the study was to: 
 Describe the magnitude of the brucellosis infection using retrospective study 
design 
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Chapter one 
Literature review 
1.1.Brucellosis 
 
       The genus Brucella was named after David Bruce (1887),Who was the first to 
isolate the organism and recognize the disease. In animals the disease is characterized 
by bacterimia followed by localization of the organism in the reproductive organs, 
reticuloendothelial  and sometimes joints (Gellespie and Timoney, 1981). 
       The disease in man was called Malta fever and undulant fever ,but know 
brucellosis and is characterized by chills , headache , pain in leg joints and lumber 
region , profuse nocturnal sweating , insomnia, and sometimes laryngitis and 
bronchitis (Van Der Hoeden, 1964). 
1.2. Historical background 
 
       David Bruce (1887) was the first to isolate the organism from the spleen of a 
british solider with Malta fever and named it Microccocus melitensis .Zammit(1905) 
identified goats as the reservoir of brucellosis .Malta fever, Mediterranean fever, 
Mediterranean gastric fever, remittent and goats fever were often synonymously used 
for undulant fever (Carpenter and Hubbert, 1963). 
     In Sudan, the disease was suspected as early as 1904. Simposon (1908) reported 
20 clinically diagnosed cases in the Blue Nile and Kassala provinces. Bennet(1943) 
isolated B. abortus for the first time from a dairy herd in Khartoum. Hasseb (1950) 
was the first to confirm a case of human Brucellosis. Hasseb(1950)and Daffala 
(1962) stated that the disease was diagnosed in all provinces except Bahr El Gazal, In 
the Southern Sudan up to 1955.    
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 1.3. Economic importance 
 
  The country incurs cost generated by prophylactic activities, control and 
eradication programs, hospitalization of human patients, cost of research, lost of 
work and failure in financial investment (Chukwu,1987). The duration of the human 
illness and its long convalescence means that brucellosis is an important economic as 
well as a medical problem for the patient because of time lost from normal activities. 
Prompt diagnosis and treatment with antibiotics has greatly reduced the time a 
patient may be incapacitated(WHO 2006). 
 1.4. Etiology 
 
The three major species of Brucella affecting human are B. melitensis, 
B.abortus, and B.suis , contain tow major surface antigens designated as A and M, 
but the relative proportion of each antigen varies considerably from one species or 
biotype to another. The antigen variations are due to the organisms o-poly saccharide 
structure in the Lipopolysaccharide.(Iriarte et al.,2004). 
1.5. The genus Brucella 
 
It’s generally accepted that, members of the genus Brucella are small, non- 
motile, non- sporing, gram-negative, cocci, coccobacilli or short rods 0.5-0.7µm in 
diameter and 0.5-1.5 µm in length. They occur singly, in pairs (less frequently), short 
chains or small groups. 
    Brucella is not truly acid fast, but the organisms retain certain dyes including basic 
fuchsin in the presence of a dilute acid or alkali and this has been used as the bases of 
differentiating staining method (Corbel, 1989). These methods are not specific for 
Brucella and other organisms with similar host and tissue preferences, Sudan 
Chlamydia psittaci and Coxiella brunetti show similar staining reactions compared 
with non- pathogenic bacteria. Brucella has a substantial capacity to survive and 
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persist in the environment under suitable conditions. The organism is sensitive to 
heat and is killed by pasteurization or by exposure to 60°C for 30 minutes. It is 
readly killed by UV or gamma rays under complete exposure. It has no plasmid and 
resistance to certain antibiotics has been transferred following phage infection. 
The classical brucella species: 
1.5.1.Brucella melitensis 
 
       There are three serological types is known. It appears to contain the same antigen 
as B. abortus and B. suis but in different quantitative proportion. It may be 
distinguished from B. abortus and Brucella canis by quantitative measures for 
agglutinin. The rough variant, incorrectly called Brucella para –mellitensis, is against 
the smooth form. This species has got three biovars and infect sheep and goats and is 
the most virulent to the man. The disease in man is named after Malta (Malta fever). 
1.5.2.Brucella abortus 
 
     It appears to possess the same antigen as B. mellitensis, but distributed in different 
quantitative proportions .This species causes bovine abortion because it is able to 
grow in the placenta of cows which contains the sugar erythriotol that enhances the 
multiplication of B. abortus.  
       Virulence factors: strains of Brucella are able to survive within cells where they 
are protected from serum antibody and antibiotics. They can survive in macrophage 
for months. They are specific pathogens of cattle in which they cause contagious 
abortion and in human they cause undulant fever. 
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1.5.3. B. suis 
 
B. suis appears to possess the same antigen that is in B. melitesis but 
distributed in quantitative proportion by near to those of B .abortus than B. 
melitensis. Provided absolutely smooth strains are used, It may be distinguished from 
B. melitensis. 
 1.6. Transmission 
 
       Transmission of brucellosis to human occurs through the consumption of 
infected, unpasteurized animal-milk and products, through direct contact with 
infected animal parts such as the placenta, by inoculation through rupture of skin and 
mucus membranes, and through the inhalation of infected aerosolized particles. 
Brucellosis is an occupational disease in abattoir workers, veterinarians, dairy 
industry professionals, and personnel in microbiology laboratories. (Almuneef et al., 
2004). 
         Airborne transmission of brucellosis has been studied in the context of using 
brucella as a biologic weapon. In fact  ,Brucella suis was the first agent contemplated 
by hepatomegaly , or spleenomegaly is often present. Osteoarticular disease is 
universally the most common complication of brucellosis (Bosilkovski et al., 2004).  
The reproductive system is the second most common site of focal brucellosis. 
Brucellosis can be presented as epididymoorchitis in man and is often difficult to 
differentiate from other localized disease (Navarro et al., 2001).Brucellosis in 
pregnancy poses a substantial risk of spontaneous abortion (Khan et al., 2001).    
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1.14. Epidemiology of brucellosis in humans 
 1.14.1. Reservoirs of infection 
 
Brucellosis is a zoonotic disease, hence the ultimate sources of infection are 
infected animals. The key species are the major food-producing animals: cattle, 
sheep, goats, pigs. Others, including, buffalo, camels, dogs, horses, reindeer and yaks 
are less important, but they can be very significant local sources of infection in some 
regions. Recently, the infection has also been identified in marine mammals, 
including dolphins, porpoises and seals, and these may present an emerging hazard to 
persons occupationally exposed to infected tissues from them. 
The risk of disease and its severity is to a significant extent determined by 
the type of Brucella to which an individual is exposed. This will be influenced by the 
species of host animal acting as source of infection. 
B. melitensis is the type most frequently reported as a cause of human 
disease and the most frequently isolated from cases. It is the most virulent type and 
associated with severe acute disease (Corbel, 2006). It is recorded as endemic in 
several countries and accounts for a disproportionate amount of human brucellosis. 
The organism is normally associated with infection in sheep and goats, but other 
species, including dogs, cattle and camels can be infected. In some countries, 
particularly in the Middle East, B. melitensis infection of cattle has emerged as an 
important problem. Contrary to some traditional views, B. melitensis remains fully 
virulent for man after infecting cattle. The bovine infection presents a particularly 
serious problem because of the large volume of infected milk that can be produced 
by an individual animal and because of the extensive environmental contamination 
that even single abortions or infected births can produce. B. abortus is the most 
widespread cause of infection, but associated with much less human disease. 
Infection in man is often sub-clinical and, where disease does occur, it is usually less 
severe than that caused by B. melitensis or B. suis. Cattle are by far the most common 
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source of B. abortus but bison, buffalo, camels, dogs and yaks are important in some 
areas. B. suis has a much more restricted occurrence than B. melitensis and B. 
abortus. It is locally important as a source of human infection which can be as severe 
as that produced by B. melitensis. The sources and virulence of the organism vary 
with its biovar (subtype defined by laboratory tests). 
B. canis is a widespread infection of dogs in many countries. It is 
infrequently associated with human disease. Reported cases have usually been mild. 
Brucella infection occurs in many species of wild animals but these are rarely 
implicated as sources of human disease) Corbel. 2006). 
1.14.2. Seasonal factors 
 
In countries with temperate or cold climates there is a marked seasonal 
variation in the incidence of acute brucellosis, with most cases occurring in the 
spring and summer. This coincides with the peak period for abortions and 
parturitions among farm animals and hence for the highest level of exposure of those 
attending the animals and consuming their milk. The seasonal effect is more obvious 
for ovine/caprine brucellosis than for bovine brucellosis, possibly because of the 
longer lactation period in cattle. In tropical and subtropical areas, where animal 
breeding extends throughout the year, there is no seasonal influence on the incidence 
of brucellosis. 
1.14.3. Age and sex distribution 
 
In industrialized countries and in those others in which food hygiene prevent 
foodborne brucellosis, the disease is very largely occupational and the majority of 
cases are males between the ages of 20 and 45 years. In these situations the disease is 
usually caused by B. abortus or B. suis. In countries or area where B. melitensis is 
prevalent, the practices followed in marketing and distributing sheep and goat milk 
products in particular make the enforcement of hygienic measures very difficult. In 
this situation the whole population is at risk and many cases occur in women and 
children. In nomadic societies, the adults have often been exposed to infection at an 
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early age and do not manifest acute disease, although many may have sequelae from 
chronic infection. Under such conditions children account for a high proportion of 
acute cases and brucellosis is largely a paediatric problem (Corbel, 2006). 
1.7. Pathogenicity and biology of brucellosis 
        The establishment and outcome of infection with Brucella depend on the 
number of infecting organisms and their virulence and also on host susceptibility 
(Price et al., 1990). After infecting the host, the pathogen becomes sequestered 
within cells of the reticuloendothelial system such as lymph nodes, liver, spleen and 
bone marrow. Brucellosis is a systemic infection that can involve any organ or tissue 
of the body. When clinical symptoms related to a specific organ predominate, the 
disease is termed “localized”. Commonly, localization involves organs of the 
reticuloendothelial system In depth analysis of the complete Brucella species 
genomes has failed to identify any of the classic virulence factors such a toxins, 
fimbriae, and capsules, which raises the possibility that these organisms use unique 
and subtle mechanisms to evade host defences, penetrate host cells, alter intracellular 
trafficking to avoid degradation and killing in lysosomes, and modulate the 
intracellular environment to allow long-term intracellular survival and replication 
(Delrue et al., 2004). Susceptibility to brucellosis in humans depends on various 
factors, including the immune status, routes of infection, size of the inoculum and, to 
some extent, the species of Brucella. In general, B. melitensis and B. suis are more 
virulent for humans than B. abortus and B. canis, although serious complications can 
occur with any species of Brucella. 
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1.8. Clinical symptoms of brucellosis in humans  
 
      Historically, only B.melitensis, B. abortus, and B.suis were considered human 
pathogens, but recent reports have shown that newly recognised marine mammal 
species have zoonotic potential, and an apparent tendency for complicated disease in 
human beings(Sohn et al.,2003). 
  
Clinical studies have shown that fever is the most common feature of 
brucellosis, followed by osteoarticular involvement, sweating, and constitutional 
symptoms. 
 
     On physical examination, the most common findings are hepatomegaly 
and spleenomegaly, which occur in about one-third of patients. Lymphadenopathy is 
seen in about 10% of patients. 
 
Osteoarticular manifestations (sacroiliitis, spondylitis, peripheral arthritis, 
and osteomyelitis) account for over half of the focal complications. Genitourinary 
complications (orchiepididymitis, glomerulonephritis) and renal abscesses can be 
found in around 10% of patients.  
 
Neurological findings are not as uncommon as they are often portrayed; one 
study from Turkey reported that in a series of 305 patients with brucellosis, 20 
(6.6%) patients presented with neurological involvement (Yetkin et al.,2006). 
 
   Neurological findings can be diverse and could include peripheral 
neuropathies, chorea, meningoencephalitis, transient ischaemic attacks, psychiatric 
manifestations, and cranial nerve compromise. 
 
Mucocutaneous manifestations include erythematous papular lesions, 
purpura, dermal cysts, and Stevens-Johnson syndrome. Pulmonary manifestations, 
including pleural effusions and pneumonias, can be found in up to 16% of 
complicated cases of brucellosis (Kerem et al., 1994).  
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Leucocytosis is observed in about 9% of patients and if found, focal 
complications should be excluded. Leucopenia (11% of patients) and 
thrombocytopenia (10% of patients) are seen in similar frequencies. 
            Anemia is seen more frequently, affecting 26% of patients. Common disease 
findings, however, may vary between different areas and populations. Endocarditis—
with the aortic valve being the most commonly affected structure and multiple valve 
involvement being common within this subset of patients(Uddin et al.,1998)is the 
most serious complication, accounting for most of the 5% total mortality rate of 
human brucellosis. (Uddin et al.,1998). 
 
Diagnosis of brucellsis in humans 
 
1.9. Bacteriologic diagnosis for human 
 
    This is the most specific diagnostic procedure, and since in human brucellosis it’s 
obligatory to achieve a correct diagnosis for each individual, bacteriological culture 
should be performed whenever possible. Brucella has been isolated from several 
tissues, articular and cerebrospinal fluid, and bone marrow, but the culture of 
aseptically taken blood in tryptic soya broth or similar media under 10%co 
atmosphere is the simplest and most often used procedure. When using Ruiz-
Castaneda method incubation should be carried out for at least 45 days before 
rejecting a blood culture as negative for brucella (Diaz and Jones, 1973). 
      Some studies have found that bacteriological detection can be improved by using 
the leukocyte lysis-concentration procedure (Gaviria-Ruiz and Cardona-castro,1995). 
Since brucellosis constitutes one of the most common laboratory-acquired infections, 
special care should be taken when using the lysis centrifugation method to avoid 
infection from contaminated aerosols (Robichaud et al., 2004). 
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1.11. Molecular detection 
 
Applications in the diagnosis of brucellosis 
 
The routine use of the CFT is not recommended in small laboratories because of its 
technical complexity (much greater than that of SAT and ELISA) and because of the 
problems encountered in its standardization. 
      Polymarase chain reaction is a convenient tool for the diagnosis of human 
brucellosis that may improve sensitivity compared with culture (Bricker, 2002) 
Several genus-specific PCR systems, using primer pairs that target 16S RNA 
sequences and the genes of different outer membrane proteins have been developed. 
(Baily, et al. 1992; Fekete et al.,1990). Each of these PCR systems produces a 
discrete DNA product, whose length is identical for and specific to all Brucella 
species. PCR may be used as an alternative to culture in the confirmation of 
brucellosis, to monitor treatment efficacy, and to diagnose relapsing patients. 
 
1.10. Serodiagnosis 
 
1.10.1. Agglutination tests 
 
     In the absence of culture facilities, the diagnosis of brucellosis traditionally relies 
on serological testing with a variety of agglutination tests such as the Rose Bengal 
plate(RBPT) test, the tube (serum) agglutination test(SAT), and the antiglobulin or 
Coombs’ test. In general, the RBPT is used as a screening test, and positive results 
are confirmed by SAT test ( Ruiz-Mesa et al., 2005; Al Dahouk et al., 2003).These 
agglutination tests are based on the reactivity of antibodies against smooth 
lipopolysaccharide. These antibodies tend to persist in patients long after recovery; 
therefore, in endemic areas, high background values could occur that may affect the 
diagnostic value of the test (Ariza et al., 1992). 
       Coombs’ test may be more suitable for confirmation of brucellosis in relapsing 
patients or patients with persisting disease, but few laboratories have the expertise 
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and equipment to do this very sensitive but complex and demanding technique. The 
SAT is a very useful test for the diagnosis of human brucellosis. It is performed with 
a standardized antigen titres can be expressed in International Units (IU) and can be 
correlated well with clinical stages of infection. 
 
1.10.2. Enzyme linked Immunosorbent Assay (ELISA)  
 
         ELISA has become increasingly popular as a well standardized assay for 
brucellosis. The sensitivity of ELISAs prepared in the laboratory may be high, 
especially when the detection of specific IgM antibodies is complemented with the 
detection of specific IgG antibodies (Blasco et al., 1994).  
 
1.12. Evidence in support of diagnosis of brucellosis includes: 
 
      A history of recent exposure to a known or probable source of Brucella 
species.This includes common host species, especially cattle, sheep, goats, pigs 
,camels, yaks, buffaloes or dogs; consumption of raw or inadequately cooked milk or 
milk products, and, to a lesser extent, meat and offal derived from these animals. In 
addition, the resistance of the organism and its high infectivity make environmental 
contamination a probable hazard, although this is always difficult to prove. 
Occupational exposure and/or residence in an area in which the infection is prevalent, 
also raise the probability of the diagnosis. 
 
Isolation of Brucella spp. from the patient. 
Demonstration by validated polymerase chain reaction (PCR) of the presence of 
Brucella genetic material in blood or other tissue sample. 
Demonstration by a validated serological method of Brucella antigen in blood or 
other tissue sample. 
Demonstration of a rising antibody titre in any serological test for brucellosis in the 
absence of exposure to any known source of cross-reacting antigens. 
Demonstration of a high sustained IgG antibody titre in the SAT, 
CFT or ELISA tests with standardized antigens. 
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1.15. Treatment 
 
     Since there is no antibiotic therapy effective in different human cases; a careful 
follow up of the patients is important. It’s an established fact that tetracyclines are the 
most effective antibiotic in the treatment of brucellosis but also by themselves they 
are not satisfactory and result of high rate of relapses, from 15-30% depending of the 
duration of treatment. Mono therapy with other antibiotics such as aminoglycosides, 
rifampicin, azithromycin, co-trimoxazol or second generation fluoruquinolones 
produce unsatisfactory result in either laboratory models, human patient or both. 
Presently, a prolonged tetracycline aminoglycoside combination (doxycycline 100mg 
twice /day for 45 days and streptomycin 1g/day or 750mg in patient older than 50 
years) in the best treatment of the disease as judged by the comparatively low rates of 
relapse (3-5%)(Issa and Jamal,2000).   
          
      Brucellosis in pregnant women and in children less than seven years old requires 
a different therapy because of the side effects of the antibiotics of the standard 
treatment .There is no established optimal therapy, but rifampicin for 8weeks for the 
first case ,and rifampicin for 4-6 weeks plus gentamycin for the first 7-10days in 
children is recommended. Other reports suggest that gentamycin is less effective than 
streptomycin in children (Issa and Jamal,2000).   
1.16. Prevention of human brucellosis 
 
Corbel 2006 reported the ultimate source of human brucellosis is direct or indirect 
exposure to infected animals or their products, prevention must be based on 
elimination of such contact. The obvious way to do this – elimination of the disease 
from animals – is often beyond the financial and human resources of many 
developing countries. The technical and social difficulties involved in eradicating B. 
melitensis from small ruminants have even taxed the resources of some developed 
countries. In many situations there is little alternative but to attempt to minimize 
impact of the disease and to reduce the risk of infection by personal hygiene, 
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adoption of safe working practices, protection of the environment and food hygiene. 
The lack of safe, effective, widely available vaccines approved for human use means 
that prophylaxis currently plays little part in the prevention of human disease. 
In industrialized countries and others where animal husbandry is practiced under 
settled conditions, the main sources of infection are: 
1) Occupational exposure; 
 2) Ingestion of contaminated food products. 
Under conditions of nomadic or migratory husbandry or on small traditional farms, 
the differentiation of sources of infection is far less clear-cut and all sections of the 
population may be exposed to infection by direct contact with animals or from 
contaminated food. 
 1.16.1. Occupational hygiene 
 
        The groups in which the occupational risk of infection is greatest include those 
whose work brings them in direct contact with infected animals or their products. 
These include farmers, stockmen, shepherds, goatherds, abattoir workers, butchers, 
dairymen, artificial inseminators, veterinarians and those involved in the processing 
of viscera, hides, wool and skins. Persons involved in the maintenance of buildings 
or equipment used for these purposes may also be at risk. An additional important 
category includes laboratory workers who may be exposed to contaminated 
specimens and to Brucella cultures, either during the course of diagnostic procedures 
or vaccine production, for example. The production and use of live vaccines also 
carries some risk(corbel,2006).   
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1.16.2. Prevention of food borne brucellosis 
 
        For the general population which does not have direct contact with animals, the 
greatest potential source of brucellosis is through consumption of unpasteurized milk 
and dairy products. Meat may also be a significant source of infection, especially in 
cultures where the consumption of raw or undercooked meat products is 
favoured(corbel,2006).          
 1.16.3. Milk and milk products 
 
       Milk from infected cattle, sheep, goats, buffalo, yaks, camels and reindeercan 
contain large number of Brucella organisms. Because quite large volumes may be 
consumed or concentrated into other products, such as cream or cheese, it presents a 
particularly serious hazard. 
Soft cheeses prepared from fresh milk may concentrate large numbers of 
Brucella organisms. The preparation of such products from untreated milk should be 
strongly discouraged. If local customs make this difficult to achieve, the cheese 
should be stored for six months before being released for consumption. Hard cheeses 
which may undergo propionic as well as lactic fermentation are usually much less 
hazardous because of the acidification. Unpasteurized whey left over from cheese 
making could transmit infection if fed to animals. It may also contaminate containers 
used to transport other materials unless these are decontaminated before use. 
 
Rennet used in cheese making can also serve as a source of infection if 
prepared from the stomachs of Brucella-infected animals. 
Butter, sour milk, sour cream and yoghurt also undergo acidification processes which 
will drastically reduce the Brucella content. However, the acidity has to fall below 
pH 3.5 for reliable killing of the bacteria. 
 
Ice cream prepared from infected milk may be particularly hazardous, 
especially as milk from different sources may be blended to make the product. All 
milk and cream used for this purpose should be heat treated. Boiling or high 
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temperature pasteurization will kill Brucella in milk. Ideally all milk produced in 
areas in which brucellosis is present should be pasteurized. If pasteurization facilities 
are not available, the milk should be heated to a minimum temperature of 80–85 °C 
and the temperature held at that level for at least several minutes, or boiled. This 
should apply to all milk for human consumption, whether to be drunk without further 
processing or to be used for making other food products (Corbel 2006). 
1.16.4 Meat 
 
         Muscle tissue is unlikely to contain more than low concentrations of Brucella 
organisms and their numbers are further reduced if the meat is stored correctly before 
consumption. Kidneys, livers, spleens, udders and testes may contain much larger 
numbers. None of them present a serious hazard from brucellosis if thoroughly 
cooked. However, in some cultures, raw or undercooked meat may be eaten through 
choice. This practice and the consumption of fresh blood, either alone or mixed with 
milk, should be discouraged. 
The handling and preparation of infected meat and offal without proper hygienic 
precautions may be also lead to the contamination of other foods. Drying, salting and 
smoking are not reliable methods for killing Brucella. Similarly, the organisms 
survive well under refrigeration or deep freeze conditions. It is strongly 
recommended that all meat products are thoroughly cooked before consumption 
(corbel, 2006). 
  1.16.5. Post-exposure prophylaxis 
  With increasing use of live Brucella vaccines to immunize cattle (B. abortus 
strain 19 and RB 51) and sheep and goats (B. melitensis strain Rev 1), the problem of 
accidental self-inoculation by veterinarians is widespread. The majority of vaccine 
needle-stick injuries cause puncture wounds, but usually little vaccine is injected. 
However, a potential risk of infection remains and it is advisable to supplement local 
wound care and tetanus toxoid (when indicated) with a six-week course of 
doxycycline. It should be noted that B. abortus RB 51 is resistant to rifampicin. In 
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contrast, splashing the eyes (conjunctival inoculation) with live Brucella vaccines is 
a very effective method for transmitting brucellosis. Consequently, for vaccine 
accidents involving the conjunctival route, local eye care and one or two drugs 
administered for the full six-week course is recommended. In addition, serum should 
be tested for antibodies to Brucella as soon after the accident as possible, to provide a 
baseline for follow-up in case symptoms occur Corbel, 2006). 
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Chapter two 
Materials and Methods 
 
2.1. Collection of data: 
 Annual notification data for brucellosis were available and collected from 
the records of Federal Ministry of Health, Khartoum Sudan, and used in this study. 
The data included numbers of patients confirmed to be suffering from brucellosis. 
Patients were classified according to age,gender and distribution in States of Sudan 
(Northern- R. Nile- R.Sea- Gadarif- Kassala- Khartoum- Gezira- Sinnar- W.Nile- 
B.Nile- N.kordofan- S.KOR- N.DAR- W.DAR- S.DAR). 
2.2. Data analysis:  
The collected data were analyzed and the prevalence was calculated to each 
state by using prevalence=cases/total population*100  and the tables were created by 
using Microsoft office excel work sheet.   
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Chapter three 
Results 
Table 1-the situation of brucellosis in different animal species and localities in 
the Sudan during 2000-2007 
Locality Animals 
examined 
No. 
examined 
No. +ve %+ve 
Darfur states Camel 904 56 6.2 
Khartoum Goats 3494 - 2 to 15 
Kassala states Camels 3100 186 6 
Omdurman 
area 
Goats 302 40 13.3 
Khartoum 
north 
Goats 386 51 13.2 
Darfur states Horses  346 17 4.9 
Darfur states Donkey 28 1 3.6 
Red sea Cattle 275 33 11.9 
Camels 356 71 19.9 
Sheep 2050 6 0.3 
Goats 2050 9 0.45 
Khartoum 
state 
Cattle 0160 33 20.63 
South Darfur 
state 
Wildlife 14 4 28.57 
Darfur states Sheep 2628 87 3.3 
Darfur states Goats 1554 55 3.8 
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Kosti Cattle 233 28 12.39 
Khartoum 
states 
Cattle 560 130 23.21 
Kassala states Camels 2225 847 38.1 
Khartoum 
states  
Cattle 560 155 27.4 
Kassala state Sheep 61266 2559 0.9 
Goats 02903 1938 2.1 
camels 04791 2605 19.4 
Cattle 0118 0076 10.9 
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Table 1-The states descending according to the higher prevalence rate 
 
 
 
 
 
 
 
 
 
The age group from 25-44 years showed the highest infection rate(see table 6). 
             
2006 
2007 2008 2009     2010 
 EL Gezira  El Gezira 
 
 El Gezira 
 
 El Gezira 
 
 Sinnar 
 Blue Nile  Blue Nile  El Gadaarif 
 
 El Gadaarif 
 
 El Gadaarif 
 
 Sinnar  Red Sea  Sinnar  N.Kor 
 
 El Gezira 
 Khartoum  El Gadaarif 
 
 Red Sea  Blue Nile  N.Dar 
 
 Red Sea  Sinnar  Blue Nile  Sinnar  Blue Nile 
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Prevalence of human brucellosis in different of Sudan states from 2006_2009: 
Table2-Distribution of brucellosis  patients by states 2006 
 
 
 
 
 
 
     States 
 
      Cases 
 
total population 
 
      Prevalence 
 
Northern 0 644 0% 
R. Nile 0 1008 0% 
R.sea 2 739 0.0027% 
EL Gadaarif 1 1784 0.0006% 
Kassala 4 1708 0.0023% 
Khartoum 20 5974 0.0033% 
El Gezira 101 4014 0.0251% 
Sinnar 10 1368 0.0073% 
W.Nile 0 1718 0% 
B.Nile 11 759 0.0145% 
N.kordofan 0 2389 0% 
S.KOR 2 1687 0.0012% 
N.DAR 0 1763 0% 
W.DAR 1 1818 0.0006% 
S.DAR 1 3394 0.0003% 
Sudan 153 30767 0.0050% 
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Table 3-Distribution of brucellosis patients by states 2007 
 
 
 
 
 
 
        States 
 
      Cases 
 
total population 
 
      Prevalence 
 
Northern 0 654 0% 
R. Nile 1 1026 0.0010% 
R.sae 6 740 0.0081% 
El Gadarif 11 1843 0.0061% 
Kassala 3 1752 0.0017% 
Khartoum 6 6203 0.0010% 
El Gezira 90 4130 0.0218% 
Sinnar 7 1404 0.0051% 
W.Nile 0 1762 0% 
B.Nile 10 783 0.01278% 
N.kordofan 0 2424 0% 
S.KOR 2 1704 0.0012% 
N.DAR 7 1821 0.0038% 
W.DAR 3 1863 0.0016% 
S.DAR  0 3514 0% 
Sudan 147  31623 0.0046% 
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      Table 4- Distribution of brucellosis patients by state 2008 
     States 
 
    Cases 
 
total population 
 
      Prevalence 
 
Northern 0 605 0% 
R. Nile 1 1044 0.0010% 
R.sea 3 768 0.0039 
EL Gadaarif 11 1898 0.0058% 
Kassala 5 1794 0.0028% 
 Khartoum 14 6414 0.0022% 
Gezira 55 4238 0.0130% 
Sinnar 7 1437 0.0049% 
W.Nile 6 1803 0.0033% 
B.Nile 3 846 0.0035% 
N.kordofan 0 2564 0% 
S.KOR 2 2564 0.0008% 
N.DAR 3 1874 0.0016% 
W.DAR 0 1904 0% 
S.DAR 1 3979 0.0003% 
Sudan 111 33732 0.0033% 
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                       Table 5-Distribution of brucellosis patients by states 2009 
     States 
 
                Cases 
 
total population 
 
      Prevalence 
 
Northern 0 614 0% 
R. Nile 4 1088 0.0037% 
R.sea 1 967 0.0010% 
EL Gadaarif 22 1958 0.0112% 
Kassala 11 1940 0.0057% 
Khartoum 22 6649 0.0033% 
EL Gezira 66 4357 0.0151% 
Sinnar 9 1576 0.0057% 
W.Nile 6 1880 0.0032% 
B.Nile 6 940 0.0063% 
N.kordofan 1 2724 0.0004% 
S.KOR 5 2052 0.0024% 
N.DAR 18 1933 0.0093% 
W.DAR 0 1949 0% 
S.DAR 0 4115 0% 
Sudan 169 34742 0.0049% 
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Table 6-Distribution of patient by states 2010 
 
 
 
 
 
        States 
 
      Cases 
 
total population 
 
      Prevalence 
 
Northern 0 739 0% 
R. Nile 2 1184 0.0017% 
R.sea 2 1476 0.0014% 
EL Gadarif 27 1425 0.0189% 
Kassala 2 1892 0.0011% 
Khartoum 16 5577 0.0029% 
EL Gezira 43 3780 0.0114% 
Sinnar     32 1358 0.0236% 
W.Nile 6 1830 0.0033% 
B.Nile 6 879 0.0068% 
N.kordofan 2 3088 0.0006% 
S.KOR 4 1487 0.0027% 
N.DAR 21 2235 0.0094% 
W.DAR 1 1383 0.0007% 
S.DAR  2 4329 0.0005% 
Sudan 166  32670 0.0051% 
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        Table 7- Classification of patients according to the age 
 
                         
Table 8-Classification of patients according to the gender 
YEARS/GENDER MALES FEMALES 
2006 70    (45.7%) 83     (54.2%) 
2007 65    (44.2%) 82    (55.8%) 
2008 44   (39.6%) 67    (60.4%) 
2009 77  (45.6%) 92  (54.4%) 
2010 78   (46.9%) 88     (53.0%) 
 
 
 
 
 
 
 
year/age less than one    year 1-4 5-14 15-24 25-44 More than 45 
2006 2 5 19 31 46 50 
2007 2 12 45 112 274 183 
2008 0 3 5 29 41 33 
2009 2 5 13 43 60 46 
2010 1 3 17 38 73 34 
Total 7 31 99 283 494 346 
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Chapter four 
 
Discussion 
 
   Brucellosis appears to be widely spread in Sudan affecting all domestic 
animals and man. As a general rule, prevention of human brucellosis depends 
predominantly on the control of the disease in animals (Young .,1995). 
        The low incidence reported in known brucellosis-endemic areas may reflect 
the absence or the low levels of surveillance and reporting and its tendency to be 
misdiagnosed as drug-resistant malaria typhoid and influenza in tropical countries 
(WHO2006).Brucellosis is a major economic disease in developing countries which 
have not had a national eradication brucellosis program. Diagnosis of brucellosis is 
one of the most important requirements for eradication programs and it’s based on 
bacteriological and immunological finding. Recently brucellosis was diagnosed by 
polymerase chain reaction in many countries of the world (Hamidy and Amin, 2001). 
       Despite the existence Of effective vaccines for cattle (S19) and goats (Rev 1), 
Control efforts in economically poor endemic areas have Failed as a result of 
inconsistent infrastructure and lack Of funding.( Schurig et al., 2002),,( Moriyon  et 
al., 2004)). A major issue is that control measures should continue for a long period 
of time and be complemented with a monitoring system that may be hard to keep in 
place once the number of cases begins to Decrease.  
Studies showed an increase in the prevalence rate of brucellosis in the Sudan which 
ranged between 3-70% in cattle, 3-50% in sheep and goats and 3-40% in camels in 
different states. B.abortus Biovars 1, 3,6,7  and B.meletensis biovars 1, 2 and 3 were 
isolate from different farm animals(Musa 199) 
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         Dafalla (1962)reported the prevalence to be between 8.7%and 10.7% in cattle 
in EL Gezira, central Sudan Mustafa and Hassan (1969) reported 5.7% and 8.7%  in 
nomadic cattle in the Blue Nile. This study show high prevalence rate of human 
brucellosis in Gezira, Blue Nile and Gadarief . Animal brucellosis is positively 
correlated with the prevalence of human brucellosis. The Size and density of the 
herds had a direct relation to the spread of the disease of those states specially EL 
Gezira had larger herd size and also people lived closely to their animals without 
taking care of hygiene. In the Blue Nile  The disease spreads rapidly in intensive 
system husbandry in dairy farms  which present in EL Gezira. 
  Musa (1995) reported 13.9%, 7.76%, 5.98%and 3.52% prevalence of 
brucellosis in cattle camel, goats and sheep respectively in Darfur states. But this 
study showed low prevalence rate in Darfur because it is usually misdiagnosed and 
diagnosed cases are not usually recorded also there is difficulties to reach all cases 
because of war.  
       Gasim (2009) reported the prevalence rate of brucellosis in Sudan to be  22.4% 
in cattle 12.4% in goats and 5.6% in sheep Khartoum state reported higher 
prevelance rate of animal brucellosis due to extensive farming but  human brucellosis 
in khartoum was not the highest because there is awareness about the disease and  
hygiene measures.  
     The prevalence  of human brucellosis between the years 2003 to 2007 was 
found  increasing in most northern states of the Sudan and ranged from 0.10 to 2.80 
cases for every 100.000 of the population (Gasim 2009). 
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Conclusions   
 
KEY POINTS ON PREVENTION OF BRUCELLOSIS IN HUMANS 
• The prevention of human brucellosis is based on occupational hygiene 
and food hygiene. 
• Vaccination is not generally recommended. 
• All dairy products should be prepared from heat-treated milk. 
• Consumption of raw milk or products made from raw milk should be 
avoided. 
• Meat should be adequately cooked. 
• Special precautions should be taken by laboratory workers. 
• Physicians and health workers should be aware of the possibility of 
brucellosis. 
• Public health education should emphasize food hygiene and occupational 
hygiene.  
KEY POINTS ON THE EPIDEMIOLOGY OF BRUCELLOSIS IN HUMANS 
• Cattle, sheep, goats and pigs are the main reservoirs of Brucella. 
• Transmission to humans occurs through occupational or environmental contact with 
infected animals or their products. 
• Foodborne transmission is a major source of infection, with cheese made from raw 
milk and unpasteurized milk presenting a high risk. 
• Brucellosis can be a travel-associated disease. 
• Blood or organ/tissue transfer are possible sources of infection. 
• Person-to-person transmission is extremely  
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KEY POINTS ON THE DIAGNOSIS OF BRUCELLOSIS IN HUMANS 
• In acute brucellosis, isolation of Brucella from blood or other tissues is definitive. 
• Culture is often negative, especially in long-standing disease. 
• Serology is the most generally useful diagnostic procedure approach. 
• The RBT, tube agglutination and ELISA procedures are recommended. 
• Methods which differentiate IgM and IgG can distinguish active and past infection. 
• False positive serological reactions may occur. 
• Skin test reactions indicate past exposure not active infection. 
rare. 
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Abstract 
 
Brucellosis is one of the most important zoonatic diseases responsible 
for high economic losses and high morbidity in endemic areas . in the Sudan 
the disease occurs in all animal species including wild life and humans. This 
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study was conducted by collecting data from records of the Federal Ministry 
of Health. the data included annual cases of human brucellosis from 2006-
2010 in different states of the Sudan (Notheren- Red Sea- EL Gezira- EL 
Gadarief- White Nile- Blue Nile- South Darfur- North Darfur- West Darfur- 
South Kordufan- North kordufan- River Nile- Kassala- Sinnar). The data 
included ages of patients and their distribution according to sex and 
prevalence of brucellosis was calculated for each state. EL Gezira state 
showed the highest prevalence rate due to the large numbers of livestock and 
the close associating of their owners with them without precaution measure 
and their wrong habits like drinking raw milk .El Gadarief state followed El 
Gazira in the high prevalence of brucellosis because of con of livestock in El 
Butana area north of  the state during the raining season. The age groups 
from 25-44 years showed the highest infection rate being the working group 
in farms and grazing and hence most exposed to the source of 
infection(animals). 
 
 
 
 
κϠΨΘδϤϟ΍ 
  
νήϣΔϛήΘθϤϟ΍ν΍ήϣϷ΍Ϣϫ΃ΪΣ΃ϦϣϼϴγϭήΒϟ΍Ϲ΍ϦϴΑϦϋϝϮΌδϣϭϥ΍ϮϴΤϟ΍ϭϥΎδϧ
ϳΩΎμΘϗ·ή΋ΎδΧΔήϴΒϛΓϖσΎϨϤϟ΍ϲϓΔϴϟΎϋΕΎΑΎλ·ϭϨσϮΘδϤϟ΍ΔνήϤϟΎΑήϬψϳϥ΍ΩϮδϟ΍ϲϓ
ΑΔϴϧ΍ϮϴΤϟ΍Ϟ΋Ύμϔϟ΍ϞϛϲϓνήϤϟ΍ϥΎδϧϹ΍ϭΔϴθΣϮϟ΍ΕΎϧ΍ϮϴΤϟ΍ΎϬϴϓΎϤ
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ΔϳΩΎΤΗϹ΍ΔΤμϟ΍Γέ΍ίϭΕϼΠγϦϣνήϤϟ΍ϦϋΕΎϧΎϴΑϊϤΠΑΔγ΍έΪϟ΍ϩάϫΖϳήΟ΃ΩΪόϟΎΑ
ϰϤΤϟ΍ϲοήϤϟϱϮϨδϟ΍ϼϴγϭήΒϟ΍ϦϣΓήΘϔϟ΍ϲϓϡΔϔϠΘΨϤϟ΍ϥ΍ΩϮδϟ΍ΕΎϳϻϭϲϓ 
ϪϴϟΎϤθϟ΍ήϤΣϷ΍ήΤΒϟ΍ΓήϳΰΠϟ΍ϑέΎπϘϟ΍ξϴΑϷ΍ϞϴϨϟ΍ϞϴϨϟ΍ϕέίϷ΍έϮϓέ΍ΩΝε
έϮϓέ΍ΩBέϮϓέ΍ΩύϥΎϓΩήϛΝϥΎϓΩήϛεϞϴϨϟ΍ήϬϧϼδϛέΎϨγέΎϤϋ΃ΕΎϣϮϠόϤϟ΍ΖϨϤπΗΎϤϛ
ϟ΍ΩΪόϟ΍ϭβϨΠϟ΍ΐδΣϢϬόϳίϮΗϭϲοήϤϟ΍ΏΎδΣϢΗϭΔϳϻϭϞϛϥΎϜδϟϲϠϜϩάϫϲϓνήϤϟ΍έΎθΘϧ·
ΕΎϳϻϮϟ΍ϥ΃ΎϤϛΎϬΑΓήϴΒϛΔϴϧ΍ϮϴΣΓϭήΛΩϮΟϮϟϚϟΫϭέΎθΘϧ·ϝΪόϣϲϠϋ΃ΓήϳΰΠϟ΍ΔϳϻϭΕήϬχ΃
ϥϭΩϢϬΗΎϧ΍ϮϴΤϟϦϴϣίϼϣϥϮθϴόϳϥΎϜδϟ΍·Ε΍˯΍ήΟ·ϳί΍ήΘΣΔΔγέΎϤϤϟϭΕ΍ΩΎϋΏήηϞΜϣΔΌσΎΧ
ΊϴϨϟ΍ϦΒϠϟ΍Πϟ΍ΔϳϻϭϲϠΗήϳΰΓϟϑέΎπϘϟ΍ΔϳϻϭϲϓΕΎϧ΍ϮϴΤϟ΍ΔϓΎΜϜϧΎτΒϟ΍ϞϬγΔϳϻϮϟ΍ϝΎϤηϭΔϲϓ
ϒϳήΨϟ΍Ϟμϓ
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